ABSTRACT: The cellular mechanisms associated with severe asthma are still poorly understood. This study investigated the association between glucocorticoid-receptor (GR) alterations and continuous oral glucocorticoid therapy requirement in severe asthma.
Glucocorticoids are the most potent anti-inflammatory agents and are widely used in the treatment of asthma [1] . Although glucocorticoid therapy efficiently controls asthma in most patients, some asthmatic subjects fail to respond and are termed "steroid-resistant" [2, 3] . In addition, another subpopulation of asthmatics is called "glucocorticoid-dependent" or severe because they require long-term systemic glucocorticoids to achieve adequate control [4] . They differ from steroidresistant patients, as they can improve their lung function after a short course of oral glucocorticoids.
Several hypotheses have been proposed to explain chronic oral glucocorticoid requirement in severe asthma, but this process is still poorly understood. One possibility concerns a potential abnormality in glucocorticoid receptor (GR)-binding characteristics. Several studies have shown abnormalities in these parameters in severe asthmatics. An alteration of GR-binding characteristics has been documented in peripheral blood mononuclear cells (PBMC) [5, 6] , but no studies have been performed on isolated blood monocytes from severe asthmatics.
In the present study, the characteristics of GR binding on isolated peripheral blood monocytes (PBM) have been investigated using a whole-cell, competitive-binding assay. This study was performed with 3 H dexamethasone on PBM from normal subjects and intermittent-untreated asthmatics compared with severe asthmatics. The in vitro glucocorticoid response was investigated by evaluation of the release of regulated on activation, T-cells expressed and secreted (RANTES) by PBM in the presence or absence of dexamethasone from these same patients.
Subjects and methods

Subjects
Twenty asthmatic subjects were selected according to the American Thoracic Society criteria [7] . The clinical severity of asthma was assessed according to Global Initiative for Asthma guidelines [8] . Ten subjects with intermittent, untreated asthma, taking b 2 -agonists as required, were included. They were compared with 10 subjects with severe asthma described as glucocorticoid-dependent [9, 10] . They were treated on a regular basis with prednisone, inhaled fluticasone, long-acting b 2 -agonists and short-acting b 2 -agonists as required. Plasma cortisol was measured with a competitive radioimmunoassay. Atopy was diagnosed on at least one positive skin-prick test (wealw3 mm) to common allergens from the Montpellier area (France).
Finally, 10 normal subjects were enrolled as the control group. None of them presented with bronchial or respiratory disease and/or allergy. All had a negative methacholine challenge test and negative skin-prick test.
None of the subjects participating in this study was a current smoker. All subjects signed an informed consent form and the study was approved by the ethics committee of the institute.
Whole cell-binding assay PBM were isolated from blood by centrifugation over isotonic Percoll solutions (Pharmacia, St. Quentin en Yvelines, France) as described previously [11] . Cell viability and number were determined using the trypan blue exclusion test. Cell viability was always w95%. The purity of PBM obtained was w95%. After isolation, a 3 H dexamethasone radioligand-binding assay and Scatchard analysis was used as described previously [12] to determine GR-binding parameters of PBM. After three washes for 30 min to remove endogenous cortisol, PBM (3610 6 cells?mL -1 ) were exposed to different increased concentrations of tritiated dexamethasone (Amersham Life Science, Buckinghamshire, UK) ranging 7.5-80.0 nM, in the presence or absence of a 1,000-fold excess of unlabelled dexamethasone (Sigma-Aldrich, Steinheim, Germany). Radioactivity was counted in liquid scintillation vials in a b-spectrometer (Wallac, Turku, Finland). Specific binding was calculated as the difference between the total radioactivity remaining in the cell pellet and the nonspecifically bound radioactivity at each dexamethasone concentration. The number of specific 3 H dexamethasonebinding sites per cell (n) and the equilibrium dissociation constant (Kd) were either calculated according to SCATCHARD [13] or analysed by computer-assisted iterative nonlinear regression curve fitting procedures.
Regulated on activation, T-cells expressed and secreted release
Freshly isolated PBM were diluted at a concentration of 10 6 cells?mL -1 in medium containing 10% heat-inactivated foetal calf serum, 100 U?mL -1 penicillin, 100 mg?mL -1 streptomycin and 2 mM glutamine. Cells were cultivated for 24 h in the absence or presence of dexamethasone at 0.1 mM.
For dexamethasone concentration/response curves on RANTES released by PBM and the determination of the inhibitory concentration of 50% (IC50) of dexamethasone, PBM were incubated for 24 h with concentrations of dexamethasone from 10 -5 -10 -14 M. Dexamethasone IC50 was determined from the intersection on the abscissa corresponding to 50% of RANTES inhibition.
RANTES was measured in supernatants by quantitative sandwich enzyme immunoassays, according to the manufacturer9s recommendations (R&D Systems, Oxon, UK). The sensitivity for RANTES was 8 pg?mL -1 . Recovery of RANTES measured by spiking experiments was 97%.
Statistical analysis
Demographic characteristics and RANTES release were expressed as mean ¡ SEM and GR data were expressed as median (range). A nonparametric Kruskal-Wallis analysis of variance test was performed for comparison of the three groups of subjects. A paired Wilcoxon test was used to analyse the effect of dexamethasone on RANTES release. A paired t-test was used to analyse the dexamethasone concentration/response curve on RANTES release. Correlations were analysed using a Spearman rank test.
Results
The demographic characteristics of normal subjects, intermittent, untreated asthmatics and severe asthmatics are shown in table 1.
SCATCHARD [13] analysis showed a single dexamethasonebinding site in PBM from the three groups of subjects. There was no significant difference in PBM GR affinity and GR number between groups ( fig. 1 ). There was no relation between GR affinity and density, sex, age, forced expiratory volume in one second and plasma cortisol levels.
The effect of dexamethasone on RANTES release by PBM from severe and intermittent, untreated asthmatics is shown in figure 2 . At baseline, PBM from severe asthmatics tended to release higher amounts of RANTES compared with intermittent asthmatics, but statistical analysis did not show any difference. Dexamethasone significantly inhibited RANTES release compared with basal values in intermittent (0.47 ¡ 0.22 versus 1.64 ¡ 0.31 ng?mL -1 , pv0.05) and severe (1.49 ¡ 0.64 versus 2.59 ¡ 0.77 ng?mL -1 , pv0.01) asthmatics. The dexamethasone concentration/response curve obtained with PBM from intermittent asthmatics was similar to that for severe asthmatics with a maximal RANTES inhibition at 10 -6 M (61 and 62% of RANTES inhibition, respectively). The dexamethasone IC50 were similar in intermittent and severe asthmatics (0.3610 -7 and 0.5610 -7 M, respectively).
Discussion
In the present study, differences in GR-binding affinity and in GR density were not found when comparing PBM from severe asthmatics, intermittent, untreated asthmatics and normal subjects. The authors have demonstrated that the glucocorticoid response was functional, since the addition of dexamethasone was still able to inhibit RANTES release by PBM in vitro in both groups of patients. Moreover, dexamethasone IC50 on RANTES released by PBM were similar in intermittent and severe asthmatics.
A recent study demonstrated decreased GR-binding affinity in PBMC from severe asthmatics [5, 6] , whereas in this study the authors did not note any GR-binding abnormality in isolated blood monocytes from the same group of patients. The present results were consistent with those found in steroid-resistant asthma. Indeed, LANE and LEE [14] did not show any GR-binding abnormalities in blood monocytes from steroid-resistant asthmatics, whereas T-lymphocytes of the same patients presented a diminished GR-binding affinity and increased GR number per cell [15, 16] . Persistent airway inflammation in severe asthma might be associated with an alteration of PBMC GR-binding affinity, as described in steroid-resistant asthma. Indeed, a diminished GR-binding affinity has been described in vitro when PBMC from normal donors were incubated with both interleukin (IL)-2 and -4 [15] . These results are restricted to T-cells, and no change in GR-binding affinity has been found in non-T-cells [15] . SHER et al. [16] observed a second population of steroid-resistant asthmatics presenting a normal-binding affinity with a markedly reduced number of GR per cell; this result concerned non-Tcells. These observations suggested that the poor response to glucocorticoids observed in severe asthma, including steroidresistant and severe asthma, could be explained in part by a diminished GR-binding affinity in blood T-lymphocytes.
One of the major characteristics of severe asthmatics is the persistence of a high level of inflammation [9, 17, 18] . The authors observed significant RANTES inhibition when studying the glucocorticoid response using the effect of dexamethasone on RANTES release. Moreover, using concentration/ response experiments, they have shown that PBM from severe asthmatics were equally sensitive to dexamethasone treatment inhibiting RANTES release than PBM from intermittent asthmatics. This result was in accordance with those described previously with IL-8 and granulocyte-macrophage colonystimulating factor [9] suggesting that, ex vivo, cells from severe asthmatics were sensitive to glucocorticoids by inhibiting inflammatory cytokines and chemokines.
In conclusion, the density and affinity of glucocorticoid receptors in peripheral blood monocytes of severe asthmatic patients were similar to levels noted in intermittent asthmatics and normal subjects and were not related to the glucocorticoid response in vivo. Moreover, the authors have demonstrated that glucocorticoid-receptor functionality was present in vitro. This also suggests that severity of asthma and continuous requirement to oral glucocorticoids are not mediated by a potential glucocorticoid receptor-binding abnormality in blood monocytes. 
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-9 , 10 -10 , 10 -12 and 10 -14 M) for 24 h. RANTES was measured in cell supernatants by enzyme-linked immunosorbent assay. Results are presented as mean¡SEM and significant differences were determined using a paired t-test. *: pv0.05 versus baseline; **: pv0.01 versus baseline; ***: pv0.001 versus baseline.
